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ABSTRACT

The spatial and temporal distributions of kimberlites and alkali basalts provide information on the mechanisms
by which these important rocks originate. Kimberlites erupted throughout most or all of the Proterozoic and
Phanerozoic eons, but they are restricted to Precambrian shield areas and surrounding fold belts. Abundant
chemical and isotopic data support the concept that kimberlites originate from a source region in the mantle
that was enriched by metasomatic fluids, the ingress of which appears to have been triggered by epeirogenic
crustal and mantle doming. The source regions appear to have drifted coherently with the continents.

In contrast, alkali basalts that contain mantle-derived xenoliths appear to be restricted to the Phanerozoic
eon, with the vast majority of known occurrences being less than 5 m.y. old. Most of these basalts were
emplaced in active orogenic environments associated with subduction. It appears that metasomatism of the
source regions of these rocks was caused by warping of the crust and underlying mantle as the result of
subduction of topographic features such as ridges and transform faults.

The concept of a metasomatic fluid enriching the source regions of these alkaline rocks is consonant with
that of a heterogeneous mantle proposed from petrographic, chemical, and isotopic studies of xenoliths and
basalts. It seems clear that H2O, Fe, Ti, and LIL elements such as K and LREE are among the most mobile
components, The time interval between metasomatism and generation of magma might be short, as witnessed
by the inception of alkali basalt magmatism all along the Pacific Coast of North America less than 10 m.y.
ago.

INTRODUCTION

The distribution of extrusive and intrusive igneous rocks, if
sufficiently constrained in space and time, provides information
on the mechanisms by which such rocks originate. For example,
the emplacement of the enormous volumes of anorthosite mas-
sifs, perhaps with attendant rhyolitic lavas and granites, during
late Proterozoic time in two large arcuate belts (Herz, 1969)
provides clues to the cooling and evolution of the crust-mantle
system and perhaps to the inception of the process of modern-
type plate tectonics (Goodwin, 1981). Along similar lines, the
restriction of most peridotitic komatiites to Archean terranes
has been interpreted as evidence for much higher crustal and
mantle temperatures than have prevailed in post-Archean time
(e.g., Green, 1975; Sleep, 1979).

If such temporal and spatial constraints can be established
for explosive alkaline volcanoes, such as kimberlites and alkali
basalts, this will place restrictions on the origin of alkaline
magmas and shed light on the mantle source regions.

TEMPORAL AND SPATIAL DISTRIBUTIONS OF
KIMBERLITES AND ALKALI BASALTS

Kimberlites

Kimberlite is difficult to define, and a liberal interpretation is
adopted here. If the stringent definition of Skinner and Clem-
ent (1979) is used, the pipes on the Colorado Plateau and
southeastern Australia would not qualify.
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